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[57] ABSTRACT 

An Si02 insulating layer is formed on an Si substrate, 
and an Si3N4 insulating layer is formed on the Si02 
layer. A notch is formed in the Si3N4 layer using a resist 
film as a mask. The Si02 layer is etched using the S13 m 
layer as a mask, thereby forming an opening larger than 
the notch cut in the SiCh layer. As a result, the Si3N4 
layer extends over the opening in an overhanging man- 
ner When As + ions are implanted in the periphery of 
the notch of the SU1N4 layer, the ion-implanted portion 
of the SUN4 layer is arcuated toward the base region. 
When a metal such as Ti is deposited on the arcuated 
portion, the metal is also deposited on the arcuated 
portion and the portion of the emitter region matching 
with the notch, thereby forming an emitter electrode 
portion. 

15 Claims, 6 Drawing Sheets 
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SEMICONDUCTOR DEVICE HAVING AN 
ELECTRODE AND A METHOD OF 
MANUFACTURING THE SAME 

This application is a continuation of application Ser. 
No. 06/854,474, filed on Apr. 22, 1986, now abandoned. 

BACKGROUND OF THE INVENTION 


The present invention relates to a semiconductor 10 
device having an electrode, such as a silicon bipolar 
transistor having an emitter electrode or an overlay 
type GaAs FET having a gate electrode, and a method 
of manufacturing the same. 

Remarkable is the recent trend that high-frequency 15 
semiconductor devices having higher outputs are manu- 
factured. For example, high-output silicon bipolar tran- 
sistors (hereinafter called transistors) are manufactured 
by reducing a base width, fonning a shallow active 
region, and micropatterning the pattern. The structure 20 
of a contact for an emitter electrode in a transistor 
greatly influences the characteristics and manufacture 
of the transistor, including niicropatterning the pattern 
and short-circuiting between the emitter and base. 

The structure of a contact for an emitter electrode in 25 
conventional transistors, and a method of manufactur- 
ing the same will be described with reference to FIGS. 
1A and IB, and FIGS. 2A and 2B. As shown in FIG. 
1A, base region 4 is formed on the surface of silicon 

substrate 2. An element isolation region, an emitter 30 an arcuated portion formed by arcuating a periphery of 


during the subsequent annealing, it does not reach re- 
gion 4, and portion 14 and region 4 will not be short-cir- 
cuited. However, since film 24 is an "overhang*', poor 
step coverage occurs in layer 16 of portion 14. Then, 
layers 18 and 20 formed on layer 16 contact region 10 
through the poor step coverage portion and migrate 
into region 4, short-circuiting portion 14 and region 4 
and degrading the characteristics of the device. To 
prevent this, opening 26 in film 6 is made larger by 
overetching, thereby enlarging region 10. In this case, 
however, the capacitance between regions 10 and 4 
increases, inevitably decreasing a power gain and a 
cut-off frequency. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
semiconductor device having an electrode wherein 
short-circuiting between an electrode and a semicon- 
ductor substrate, and disconnection of an electrode 
layer are prevented, and a method of manufacturing the 
same. 

According to the invention, there is provided a semi- 
conductor device having an electrode, comprising: 
a semiconductor substrate; 

a first insulating layer formed on the semiconductor 
substrate, the first insulating layer having an opening 
formed by removing a predetermined region thereof; 

a second insulating layer formed on the first insulat- 
ing layer, the second insulating layer having a notch and 


resistor (neither are shown), and the like are also formed 
on substrate 2. Si02 film 6 is formed on region 4, and 
etched by using a resist as a mask, making predeter- 
mined opening 8. 

Phosphorus is diffused from a POCI3 mass, using film 35 
6 as a mask, thereby fonning emitter region 10. PtSi 
region 12 is formed in region 10 by annealing, in order 
to decrease a contact resistance. Then, as shown in FIG. 
IB, Ti layer 16, Pt layer 18 and Au layer 20 are formed, 
sequentially one upon another, thereby preparing emit- 40 
ter electrode portion 14. 

The width of region 10 can be reduced, to improve 
high-frequency characteristics are improved. Pt is dif- 
fused in an end portion (surrounded by circle 22 in FIG. 
IB of region 10 during the fonning of layer 12 or during 45 
the subsequent annealing. Layer 12 (or portion 14), 
therefore, tends to be easily short-circuited to base re- 
gion 4, resulting in a defective product. This is more 
notable when region 10 is shallow for improving the 
transistor characteristics. 

A second conventional structure of a semiconductor 
device wherein short-circuiting between layer 12 in 
region 10 and region 4 is prevented, and a method of 
manufacturing the device are shown in FIGS. 2A and 
2B. The same reference numerals in FIGS. 2A and 2B 
denote the same portions as in FIGS. 1A and IB, and a 
detailed description thereof will be omitted. "Over- 
hang" silicon nitride film 24 is formed on film 6. S1O2 
film 6 is overetched using film 24 as a mask, thereby 


the notch toward the semiconductor substrate which 
are provided at a position to match with the opening; 
and 

an electrode portion having a first portion formed on 
the arcuated portion, and a second portion extending 
through the notch from the first portion to contact the 
semiconductor substrate. 

According to the invention, there is also provided a 
method of manufacturing a semiconductor device hav- 
ing an electrode, comprising the steps of: 

forming a first insulating layer on a semiconductor 
substrate; 

forming a second insulating layer on the first insulat- 
ing layer, the second insulating layer having an etching 
velocity lower than that of the first insulating layer; 
fonning a notch in the second insulating layer; 
etching the first insulating layer using the second 
insulating layer as a mask to remove a region thereof 
larger than the notch of the second insulating layer, 
50 thereby forming an opening; 

implanting ions in a region on a periphery of the 
notch of the second insulating layer to arcuate the pe- 
riphery of the notch toward the semiconductor sub- 
strate, thereby forming an arcuated portion on the pe- 
riphery of the notch; and 

forming an electrode portion on part of the semicon- 
ductor substrate matching with the notch, and on the 
arcuated portion of the second insulating layer. 
According to the present invention, the periphery of 


55 


'forming opening 26. Emitter region 10 is formed in 60 the notch of the second insulating layer is arcuated 


opening 26 using film 24 as a mask, and layer 12 for 
reducing the contact resistance is formed therein. Lay- 
ers 16, 18 and 20 are formed sequentially on film 24, 
thereby preparing emitter electrode portion 14. 

In the second structure, layer 12 and portion 14 are 
formed at part of the central portion of region 10 and 
not on a periphery thereof. Therefore, even if Pt is 
diffused in region 10 during the forming of layer 12 or 


65 


toward the semiconductor substrate to form an arcuated 
portion on the periphery of the notch. Thus, the periph- 
ery of the arcuated portion of the notch is close to the 
semiconductor substrate. Therefore, when an electrode 
portion is formed on the second insulating layer by 
deposition or the like, an electrode is formed at a region 
to match with the notch and to have substantially the 
same area as the notch. In other words, the electrode 
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portion on the semiconductor substrate extends only ated portion 48. Portion 48 is arcuated such that the 

slightly from a region corresponding to the notch to a periphery of notch 42 opposes region 34 or 46. When 

space surrounding the same. As a result, the electrode ions are implanted in layer 38 for forming portion 48, 

portion and the base region of a silicon bipolar transistor they are also implanted in layer 34. Therefore, the same 
do not short-circuit in the emitter region. In addition, 5 n-type impurity as in region 46 is preferably implanted 

the emitter region can be small. Since a portion of the in layer 38. Such ions include As ions, 

electrode portion on the second insulating layer and FIG. 4 shows an ion concentration distribution of a 

that on the semiconductor substrate are connected case (indicated by the solid line) where As ions are 

smoothly, even if the electrode portion consists of a implanted in layer 38 at an energy of 100 keV, and a 
plurality of layers, each layer is free from poor step 10 case (indicated by the broken line) where As ions are 

coverage. implanted at an energy of 50 keV. The amount of ions 

_ implantation is 3X 10 15 cm" 3 . As shown in FIG. 4, the 

BRIEF DESCRIPTION OF THE DRAWINGS As H ions ^ <te tributed t0 have their peak concentration 

FIGS. 1A and IB show a structure of a conventional value in layer 38. The depth at which the peak value is 

silicon bipolar transistor and a method of manufacturing 15 obtained is a mean range of penetrate RP. As is apparent 

the same; from FIG. 4, the larger the implantation energy, the 

FIGS. 2A and 2B show a structure of another con- deeper the mean range of penetrate RP. 

ventional bipolar transistor and a method of manufac- When layer 38 is arcuated toward region 34, energy 

hiring the same; for ion implantation is set such that the mean range of 

FIGS. 3A to 3D show the steps of manufacturing a 20 penetrate RP thereby is more than half the thickness of 

silicon bipolar transistor according to an embodiment of layer 38. In other words, the ion concentration must 

the present invention; have its peak value on the side of region 34 rather than 

FIG. 3E shows the silicon bipolar transistor of the at the central portion of layer 38. FIG. 5 shows the 

same; arcuating direction and amount of layer 38 when ions 

FIG. 4 is a graph showing a concentration distribu- 25 are implanted therein at energies of 50 keV and 100 

tion of implanted ions; keV. The amount of implantation is 3X 10 15 cm- 2 . In 

FIG. 5 is a graph showing a relationship between the FIG. 5, the axis of ordinate indicates the ratio of the 

ion-implantation energy and an arcuated direction of an arcuated amount of layer 38 with respect to the thick- 

Si3N4 layer; ness (1,500 A) of layer 36. Positive values represent 

FIGS. 6 and 7 are graphs, respectively, showing a 30 downward arcuated amounts and negative values repre- 

relationship between the thickness of the Si3N4 layer sent upward arcuated amounts. The axis of abscissa 

and the arcuated direction thereof; indicates the etching time of Si02. When the etching 

FIGS. 8A to 8D show the steps of manufacturing an time is 3 minutes, layer 38 overhangs opening 44 by 0.2 

overlay GaAs FET according to another embodiment urn As is apparent from FIG. 4, when the acceleration 

of the present invention; and 35 energy is 50 keV, the mean range of penetrate RP is 

FIG. 8E shows the overlay GaAs FET of the same. smaller than half the thickness (500 A) of layer 36, so 

* tt ^ ^r,™ rr^r^vT ^ that layer 38 is arcuated upward; when it is 100 keV, the 

UE SSS^ ^EKDmErJTS mean range of penetrate RP H larger than half the thick - 

PREFERRED EMBODIMENTS ness thefe ofj { Q ( abcmt m ^ SQ that layer 38 ^ arcu . 

FIGS. 3A to 3D show the steps of manufacturing 40 ated downward. The larger the amount of overhang of 
silicon bipolar transistor according to an embodiment of layer 38, the larger the arcuated amount, 
the present invention, and FIG. 3E shows transistor. As FIGS. 6 and 7 respectively show a relationship be- 
shown in FIG. 3 A, base region 34, in addition to an tween the thickness of layer 38 and the arcuated amount 
element isolation region and an emitter resistor (neither thereof when the amount of implantation is 3X 10 15 
are shown), is formed on silicon substrate 32. First insu- 45 cm -2 . In FIG. 6, the etching time of S1O2 is minutes and 
lating layer 36 of Si02 is formed to a thickness of about the ion implantation energy is 100 keV. In FIG. 7, the 
1,500 A on region 34 by thermal oxidation. Second etching time is 3 minutes, but the ion implantation en- 
insulating layer 38 of Si3N4 is formed to a thickness of ergy is 50 keV. As is apparent from FIGS. 6 and 7, 
about 500 A on layer 36 by a low pressure chemical when the ion implantation energy is 100 keV and when 
vapor deposition (LPCVD) method. Note that, in the 50 the thickness of layer 38 is 300 to 400 A, layer 38 is 
case of hydrofluoric acid-based etchant, SijN4has much arcuated to half the thickness of layer 36. 
lower etching velocity than Si02- After portion 48 is formed in layer 38 in the above 

Resist film 40 is formed with a predetermined pattern manner, electrode portion 30 is formed on portion 48 

on layer 38. Layer 38 is etched by plasma etching or the and region 46, as shown in FIG. 3E. First, a Pt layer 

like using film 40 as a mask, thereby forming notch 42 55 with a thickness of about 300 A is formed on a portion 

therein. of layer 38 matching with notch 42. The Pt layer is 

As shown in FIG. 3C, film 40 is removed, and layer heated to 550° C. to form PtSi layer 50. Then, Ti layer 

36 is overetched using a hydrofluoric acid-based etch- 52, Pt layer 54 and Au layer 56 are formed sequentially 

ant and layer 38 as a mask, thereby forming opening 44 using a sputter deposition apparatus or the like. The 

larger than notch 42 therein. Layer 38 thus overhangs 60 resultant structure is then patterned by an ion beam 

opening 44. When layer 36, for example, is etched by milling apparatus or the like, thereby forming emitter 

ammonium fluoride for three minutes, layer 38 over- electrode portion 30 of a predetermined shape. This 

hangs opening 44 by about 0.2 u,m. Phosphorus is then completes silicon bipolar transistor having an emitter 

diffused in base region 34 opposing opening 44 using electrode. 

phosphorus oxychloride (POCI3), thereby forming 65 With the above structure and method, since the 

emitter region 46. "overhang" of layer 38 is arcuated to form portion 48, 

As shown in FIG. 3D, ions are then implanted on the layer 52 constituting portion 30 is formed thereon, pre- 

periphery of notch 42 in layer 38, thereby forming arcu- venting poor step coverage. In addition, layers 54 and 
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56 do not reach region 46 to prevent short-circuiting of 
portion 30 and region 34 in region 46 and degradation in 
the characteristics of the device. Opening 44 in layer 36 
formed by overetching can be made smaller than con- 
ventional "overhang" silicon nitride layer 38. As a re- 
sult, an increase in the capacitance between regions 46 
and 34 due to the widening of region 46 can be pre- 
vented, and a power gain and a cut-off frequency are 
not decreased. 

With the conditions for ion implantation of the above 
embodiment, "overhang" layer 38 is arcuated to a posi- 
tion about half the thickness of layer 36. However, the 
same effect can be obtained if "overhang" layer 38 is 
arcuated toward region 34 to a position one third the 
thickness of layer 36. It should be noted that the distal 
end of portion 48 (distal end of notch 42) of layer 38 is 
preferably close to region 46, i.e., the arcuated amount 
is preferably large. It is ideal that the distal end of por- 
tion 48 contact region 46. In this embodiment, emitter 
region 46 is formed by diffusion of phosphorus using 20 
POCb. However, emitter region 46 is also formed by 
As+ ion implantation. In this case, diffusion process of 
phosphorus can be neglected. 

Another embodiment of the present invention will be 
described with reference to FIGS. 8A to 8E. FIGS. 8A 25 
to 8E show an overlay GaAs Metal Semiconductor 
Field Effect Transistor (to be abbreviated as GaAs 
MES FET hereinafter) wherein part of its gate elec- 
trode is on its insulating layer, and a method of manu- 
facturing the same. As shown in FIG. 8A, Si+ ions are 30 
implanted in semi-insulating GaAs substrate 60 at ener- 
gies of 50 keV and 200 keV, thereby forming operation 
layer 62. SiCh layer 64 with a thickness of about 1,500 A 
is formed by a chemical vapor deposition method (to be 
abbreviated as CVD method hereinafter), and S13N4 35 
layer 66 with a thickness of about 400 A is formed by a 
plasma CVD method. Then, the resultant structure is 
annealed at 800* C. for 15 minutes in order to activate 
the Si. During this annealing, Si3N4 layer 66 is densified. 
Photoresist film 68 having a predetermined gate pattern 40 
is then formed on layer 66. 

As shown in FIG. 8B, layer 66 is etched by plasma 
etching using film 68 as a mask, thereby forming layer 
66. Layer 64 is etched using a hydrofluoric acid-based 
etchant such as ammonium fluoride and notch 70 as a 45 
mask, thereby forming opening 72. 

An overhang portion of layer 66 located above open- 
ing 72 is arcuated toward substrate 60 by ion implanta- 
tion. As + ions, e.g., are implanted at an acceleration 
voltage of 100 keV (amount of implantation is 3X10 15 50 
cm~ 2 ). 

Subsequently, as shown in FIG. 8D, layer 62 is 
etched by about 700 to 1,000 A by recess process. Re- 
cess 74 is thus formed in a region of layer 62 opposing 
opening 72. As a result, the portion of layer 62 contami- 
nated by As ion implantation is removed. 

As shown in FIG. 8E, Ti layer 76, Pt layer 78 and Au 
layer 80 are sequentially formed on layer 62 and on 
layer 66, thereby completing gate electrode portion 82. 


55 


The structure of a silicon bipolar transistor and an 
overlay GaAs FET and a method of manufacturing the 
same according to embodiments of the present inven- 
tion have been described. However, the present inven- 
tion is not limited to the above particular embodiments 
but can be applied to an integrated circuit to offer the 
same effect as the present embodiments. 

What is claimed is: 

1. A semiconductor device having an electrode, com- 
prising: 

(a) a semiconductor substrate; 

(b) a first insulating layer formed on the semiconduc- 
tor substrate, the first insulating layer having an 
opening formed by removing a predetermined re- 
gion thereof; 

(c) an impurity region formed on the surface of said 
semiconductor substrate, said impurity region 
being aligned with said opening; 

(d) a second insulating layer of S13N4 formed on said 
first insulating layer and having a notch and an 
arcuated portion, said notch being located substan- 
tially in the center of said opening, and said arcu- 
ated portion being formed by arcuating a periphery 
of said notch toward the semiconductor substrate 
and being doped with an impurity, the impurity 
concentration having its peak value on the side of 
the semiconductor, rather than at the central por- 
tion of the second insulating layer, and 

(e) an electrode portion having a first portion formed 
on the arcuated portion and a second portion ex- 
tending through the notch from the first portion, 
contacting the semiconductor substrate, and leav- 
ing a space under said arcuated portion. 

2. The device according to claim 1, wherein said 
semiconductor device is a silicon bipolar transistor. 

3. The device according to claim 2, wherein the semi- 
conductor substrate is a silicon substrate. 

4. The device according to claim 3, wherein said first 
insulating layer is an Si02 layer formed by thermal 
oxidation. 

5. The device according to claim 4, wherein said 
second insulating layer is an Si3N4 layer formed by a 
low pressure chemical vapor deposition method. 

6. The device according to claim 2, wherein said 
notch is formed by plasma etching using a resist film as 
a mask. 

7. The device according to claim 2, wherein the open- 
ing is formed by etching the first insulating layer to be 
larger than the notch of the second insulating layer with 
a hydrofluoric acid-based etchant and using the second 
insulating layer as a mask. 

8. The device according to claim 2, wherein the semi- 
conductor substrate comprises an emitter region formed 
by doping phosphorus in a region opposing the opening. 

9. The device according to claim 8, wherein the emit- 
ter region is doped by diffusing phosphorus in the semi- 
conductor substrate using phosphorus oxychloride. 

10. The device according to claim 1, wherein the 


In this embodiment, layer 66 is arcuated toward sub- 60 arcuated portion is formed by arcuating the second 


strate 60. As a result, layer 76 extends only slightly to a 
space under layer 66, so that the gate length of portion 
82 is not increased. No poor step coverage occurs in any 
layer of portion 82, so Pt and Au will not contact layer 
62 and change the Schottky characteristic. In addition, 65 
since overhang Si3N4 layer 66 is formed, the capaci- 
tance between the electrode and the substrate can be 
reduced. 


insulating layer toward the semiconductor substrate by 
ion implantation therein. 

11. The device according to claim 10, wherein As+ 
ions are implanted at an acceleration voltage such that a 
mean range of penetration of the ions is larger than half 
a thickness of the second insulating layer. 

12. The device according to claim 2, wherein the 
semiconductor substrate comprises an emitter region 
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formed by doping As+ ions in a region opposing the 
opening. 

13. The device according to claim 12, wherein the 
emitter region is doped by ion implantation of As+ ions. 

14. The device according to claim % wherein said 
electrode portion has a titanium layer formed on the 
semiconductor substrate and the arcuated portion, a 


8 


platinum layer formed on the titanium layer, and a gold 
layer formed on the platinum layer. 

15. The device according to claim 1, wherein the 
semiconductor device is an overlay gallium-arsenide 
field effect transistor. 
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